We have measured the temperature dependence of the low frequency Raman spectrum of ammonium nitrate in its solid phases IV, II and I and also in its melt. Librational modes are observed iri phases IV and II but disappear in both phase I and the melt. Our results indicate that the N0 3 group is almost freely rotating in the solid phase I.
. For example, phase III occurs in a "wet" sample but dpes not occur in a "dry" sample. In this letter we shall only present spectra for "dry" samples. Measurements of both the lattice and internal modes for "wet" and."dry" samples are now in progress. The "dry" samples were prepared by heating the crystal to the melt and keeping it there under a vacuum of 80 mm for a few minutes. The sample was then cooled to the , crystaline state and the capillary was sealed under a vacuum of .02 mm.
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;· -3-At room temperature a "dry" sample of NH NO· is in phase IV. As the 4 3 temperature is raised it transforms into phase II at 50°C, phase I at 124°C
and melts at 169°C. The structure of these phases as determined from x-ray studies are shown in fig. 1 . Phase IV has a space group Vh On the other hand, the contribution from the B 2 g mode should be very weak since the polarizability does not change significantly for rotations of the N0 3 group about an axis·perpendicular to its plane. On the basis of their polarization measurements Penot, et al. 17 have unambiguously assigned
•.
-5-the 171 cm-l mode to the Blg libration. They have also argued quite convincingly that the large intensity of the 139 and 89 cm-l modes which have s 3 g character indicates that that they are coupled translational librational modes with a large contribution from the s 3 g libration.
As the temperature is raised these modes gradually shift to slightly lower frequency and do not show any soft mode behavior as the phase IV-II transition temperature is approached in .5°C increments (see fig. 2 ). At the phase transition these three modes disappear in a temperature interval of less than l 0 G and two modes of comparable intensity appear at 120 and
60 em (see fig. 1 ). The factor group analysis of phase II yields five Raman active translational modes and three Raman active librational modes.
On the basis of the intensity arguments presented for phase IV, we suggest that the two observed modes are due to librationsabout the two principal axes in the plane of the nitrate group. These librations, of course, could be coupled to translational modes of the proper symmetry. As the temperature is raised these modes shift to lower frequencies and show no anomalous behaviour as the II-I phase transition is approached in l°C increments.
As the sample transforms into phase I these modes disappear in a temperature interval of less than 1°C and no new modes appear. The Raman spectrum of
Phase I between 20 and 250 em is very ·similar to that of the melt of NH 4 No 3 (see fig. 1 ) and appears to consist only of Rayleigh wing scattering with the intense elastic scattering from the powdered sample superimposed upon it; This spectrum is quite consistent with a freely rotating N0 3 group.
However, from a physical point of view we would expect that the N0 3 group has at least in the statistical sense a preferred orientation. Our spectra in indicates that the N0 3 group has considerable freedom of orientation in phase I.
It is apparent, however, that an investigation of the inelastic scattering between 0 and 20 cm-l could yield a more quantitative picture.
In conclusion, we have measured the temperature dependence of the librational modes of NH 4 No 3 in its various phases. Our results indicate that the N0 3 group is almost freely rotating in phase I. 2) Low Frequency Raman modes of anunonium nitrate in phases IV, II, I
and its melt.
3) Temperature dependence of the low frequency modes in phases IV and II. 2) Low Frequency Raman modes of ammonium nitrate in phases IV, II, I
3) Temperature dependence of the low frequency modes in phases IV and II.
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